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Hymenoptera Diversity Between Pasture,
Ecotone, and Secondary Forest Fragments
Mia E. Kiistala
Department of Biology, Northeastern University
ABSTRACT
Deforestation and forest fragmentation has been shown to have varying effects on biodiversity. In general,
invertebrate diversity is expected to increase in the edge areas created by forest fragments. This study
looked at the diversity of Hymenoptera in pasture, ecotone and secondary forest fragment in La Cruz to
observe the effects of different habitats in diversity. The Shannon-Weiner diversity index values for
pasture, ecotone and forest were 1.146, 1378 and 1.674 respectively, indicating highest diversity in the
forest. Significant differences were found between the Shannon-Weiner diversity index comparisons (p <
0.001).

RESUMEN
Con mi proyecto estudio el efecto de la fragmentación del bosque para la biodiversidad. Observo
Hymenoptera en La Cruz en Finca de Jim Wolfe 24 octubre – 8 noviembre, 2000. Quiero saber si hay
diferencia en la diversidad Hymenoptera entre el potrero, el borde y el bosque. Colecto Hymenopteras
con red para insectos, mientras estaba caminando diez metros en cada hábitat. Separe los Hymenopteras
de las especies morpho y las envié a la Universidad de Costa Rica para identificación de familias. Con
estadísticas determine que tiene más diversidad en el bosque que en otros hábitats.

INTRODUCTION
Tropical forests are the most ancient, the most diverse and the most ecologically complex
of land communities (Laurance and Bierregaard 1997). Yet, despite the high richness and
biotic importance of tropical forests, they are being cleared, fragmented and logged at
rates that lack historical precedent. To biologists and conservationists, the most alarming
aspect of the destruction of tropical forests is the threat to tropical biodiversity (Laurance
and Bierregaard 1997, Kramer and Van Schaik 1997).
Despite the high rates of deforestation, remnant patches of forest almost always
persist as “islands” surrounded by a “sea” of human disturbed habitats. Because of this
fragmentation pattern, it is our challenge to manage and conserve these degraded
landscapes, to ensure the survival of tropical biota (Laurance and Bierregaard 1997,
Schelhas and Greenberg 1996, Terborgh 1997). Costa Rica is one of the numerous
countries that have forests increasingly persisting as islands in the “sea” of agricultural
land (Whitmore 1997, Terborgh 1997). Because of this fragmentation pattern the
remaining forest habitats are more exposed to edge effects. Several studies have

demonstrated dramatic changes in biotic and abiotic factors at the forest edge (Didham
1997). Different responses to edge effects have been reported in different fauna.
Arthropod diversity, for example, has been reported to increase in young secondary
forests and along edges (Malcolm 1997).
Hymenoptera is one of the largest and most diverse of all insect orders. It is also
considered the most important insect order from anthropocentric point of view, including
more beneficial species than any other insect group (Hanson and Gauld 1995). The
economic importance of Hymenoptera varies widely, some being pests but majority
practicing beneficial behavior. Hymenopterans are the single most important group of
plant pollinators and predators/parasitoids controlling populations of other insects
(Hanson 1995).
Despite its importance for humans and in nature, the order Hymenoptera has not
been studied exhaustively. Hundreds of new species are discovered in Neotropics
whenever a new tropical area is sampled extensively (Hanson and Gauld 1995). Studies
for the effect of tropical forest fragmentation for Hymenoptera has not been documented.
In general, invertebrate diversity is expected to increase at forest edges (Didham 1997).
Studies for the diversity of Diptera (Hughes 1994) and Coleoptera (An 1994) between
forest and pasture have shown greater diversity in forest. Following the diversity patterns
of other insect orders between forest and pasture, it is expected that Hymenoptera
diversity is higher in forest and ecotone than in pasture.

MATERIALS AND METHODS
Hymenoptera were collected in lower montane forest, in La Cruz, Tilarán, Guanacaste,
Costa Rica at an elevation of about 1540m. Collection took place October 24 th through
November 8th, 2000. Samples were collected from cattle pasture, ecotone and adjacent
secondary growth forest fragment. Transects were run 25 meters into the forest and
pasture from the ecotone. To collect Hymenoptera 15 uniform sweeps were performed
with an insect net, along a 10-meter transect. The contents of the net were emptied in
plastic bags containing acetone saturated cotton balls. The Hymenoptera was separated
into morpho species and a reference collection was pinned at the Estación Biológica
Monteverde. The reference collection was sent to the University of Costa Rica in San
José for further identification to families and subfamilies. Identification was done by Paul
Hanson in the Department of Biology. Shannon-Weiner index was used to calculate
diversity of morpho species, and the values were compared with a modified t-test.
Morista’s index of similarity was used to calculate for the similarity between
communities.

RESULTS
A total of 94 Hymenoptera individuals were collected during the study. Twelve of those
were collected in pasture, 23 in ecotone and 59 in secondary forest (Table 1). Species
area curve (Figure 1) indicates that the collection was not exhaustive, since figures for
pasture and forest samples are not asymptotic.
Shannon-Weiner diversity indices were higher in the forest, (H’ = 1.674) followed
by the ecotone (H’ = 1.378) and the lowest was in the pasture (H’ = 1.146) (Figure 2). A
modified t-test showed a significant difference between all three sites (P-value < 0.001 in
all the comparisons). The values for Moristas index of similarity indicate that there is
higher similarity between pasture and ecotone (CH = 0.14) than pasture-forest (CH =
0.075) or ecotone-forest (CH = 0.063).
Distribution of families was compared between pasture, ecotone and forest (Table
1). A total of 19 families were represented in the sampling, and only four of those
families were present in all three habitats. Braconidae, Diapriidae and Ichneumonidae
were the three most common families containing a combined 57% of all individuals.
Further analysis of the distribution for five families containing the most individuals
shows that forest has the most individuals in four out of five families (Figure 3).
All Hymenoptera encountered in this study can be categorized in one or more of
the following interactions in nature: parasitoid, pollinator, predator and herbivore
(Hanson and Gauld 1995). Table 2 shows the categorical distribution of individuals in
these interactions encountered in pasture, ecotone and forest.

DISCUSSION
There was a significant difference in Hymenoptera diversity between pasture, ecotone
and forest. Forest was the most diverse habitat, containing the highest abundance and the
highest family richness, as was expected. Higher diversity in forest can be explained by a
couple of behavioral features observed in Hymenopterans encountered in this study. First,
forest provides a protective environment in which to escape harsh abiotic conditions.
Most Hymenopterans tend to be active on bright sunny days and look for vegetation for
protection during inclement weather or at night. For example sleeping aggregations of
several Hymenoptera families have been observed on plants (Hanson and Gauld 1995).
Forest is a more suitable habitat for Hymenopterans because it provides more protection
and resting sites among vegetation. Second, since most of the Hymenopterans
encountered in this study are parasitoids of other insects, one can expect to find more
diversity in the habitats where their hosts are most abundant. Aside from forest simply
accounting for higher biodiversity, discussion of the diversity of two important host
orders will be discussed in the following section.
The decrease from forest to ecotone was also expected because the climatic
conditions are expected to be harsher at the edge (Laurance 1997, Turton and Freiburger
1997). However, forest fragments in this study were small, and the use of small

fragments for studying the effect of fragmentation have been criticized. Some research
has concluded that edge effects penetrate about 50m into forest (Turton 1997) but
Didham (1997) states that the zone of crossover between edge and interior is fuzzy.
Having only 25 m between the habitats is not likely to show the actual differences
between forest and ecotone, when the edge effects possibly influence the conditions past
the collected forest habitats.
Low values for Morista’s index of similarity indicate that the family compositions of
the three sites are very different. This, and the finding that only four out of 19 families
were present in all three habitats, suggests that majority of the Hymenopterans
encountered in this study are specialists. Hanson and Gauld (1995) suggested that
parasitoid Hymenoptera are likely to practice specialist behavior, whereas predators can
consume several prey individuals. A high number of parasitoids encountered in this study
may account for the differences in habitats because of their specialist behavior.
The graph for the cumulative number of species indicates that sampling was not
exhaustive in forest and pasture. New individuals were still collected at the end of the
sampling, and asymptoting pattern is not observed in the graph for the two habitats.
The three most common families in this study were Braconidae, Diapriidae and
Ichneumonidae, respectively. These three families of 19 contribute greatly to the total
abundance, containing a combined 57% of all collected individuals. Braconidae,
Diapriidae and Ichneumonidae are all parasitoids and use Diptera and Coleoptera as
hosts. Therefore, it is expected that these families are most numerous in the habitat where
their hosts are most abundant. Hughes (1994) studied the diversity of Diptera in pasture
and forest, and found that alpha diversity increases from pasture to forest. An (1994)
studied the habitat preference of leaf litter Coleoptera and found higher diversity in
secondary forest than in pasture. These findings are uniform with finding higher diversity
of Hymenoptera in secondary forest fragments.
Table 2 shows how the Hymenoptera are categorically distributed between habitats
as parasitoids, predators, pollinators and herbivores. A single family could contribute to
more than one category. Braconidae for example use a large diversity of insects as hosts
and accounts for all parasitoid interactions in the table. The controversy between
Hymenoptera previously stated specialists, and Braconidae found in four different
categories can partly be explained by the large size of the family Braconidae. Braconidae
is second largest family of Hymenoptera containing over 10,000 described species
worldwide (Shaw 1995). Therefore, the individual species in the family Braconidae may
be specialists, but the larger number of species can specialize on different insects.
Because the edge effect are likely to penetrate deeper into the forest than 25m, in the
future it would be worthwhile to study the changes in Hymenoptera diversity between
forest and pasture using larger distances between habitats. Didham (1997) studied the
abundance of invertebrates by sampling at know distances along edge-to-interior
transects and found that the increases in invertebrate abundances in small fragments can
be explained by edge-driven processes. Therefore, it is important to take the size of forest
fragment into consideration for future studies. Also expanding the collection of

Hymenoptera to more transects and therefore getting an exhaustive sample should be
considered in the future studies.
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Table 1. Distribution of individuals per families between pasture, ecotone and pasture.
Family
Pasture
Ecotone
Forest
Total
Braconidae
4
2
26
32
Diapriidae
0
3
10
13
Ichneumonidae
2
3
4
9
Bethylidae
1
0
7
8
Figitidae
1
3
1
5
Pteromalidae
0
1
3
4
Platygastridae
1
1
1
3
Formicidae
0
1
2
3
Tenthredinidae
0
3
0
3
Eulophidae
0
1
1
2
Apidae
1
1
0
2
Scelionidae
0
1
1
2
Prototrupoidea
0
0
2
2
Multillidae
0
1
0
1
Scoliidae
1
0
0
1
Agaonidae
0
0
1
1
Spechidae
1
0
0
1
Vespidae
0
1
0
1
Tiphiidae
0
1
0
1
Chrysididae
Total
12
23
59
94

Table 2. Categorial distribution of Hyenoptera individuals encountered in the study between pasture,
ecotone and forest. Categories are based on main characteristics given to each family in The
Hymenoptera of Costa Rica (Hanson and Gauld 1995). One family could contribute to more than one
category.
Pasture
Ecotone
Forest
Parasitoid
- Coleoptera
7
7
46
- Diptera
5
8
39
- Lepidoptera
5
4
35
- Other
7
10
37
Herbivore
1
4
0
Pollinator
1
1
1
Predator
3
4
4

